Activation of JAK2 by chromosomal translocation or point mutation is a recurrent event in hematopoietic malignancies, including acute leukemias and myeloproliferative disorders. Although the effects of activated JAK2 signaling have been examined in cell lines and murine models, the functional consequences of deregulated JAK2 in the context of human hematopoietic cells are currently unknown. Here we report that expression of TEL-JAK2, a constitutively active variant of the JAK2 kinase, in lineage-depleted human umbilical cord blood cells results in erythropoietin-independent erythroid differentiation in vitro and induces the rapid development of myelofibrosis in an in vivo NOD͞SCID xenotransplantation assay. These studies provide functional evidence that activated JAK2 signaling in primitive human hematopoietic cells is sufficient to drive key processes implicated in the pathophysiology of polycythemia vera and idiopathic myelofibrosis. Furthermore, they describe an in vivo model of myelofibrosis initiated with primary cells, highlighting the utility of the NOD͞SCID xenotransplant system for the development of experimental models of human hematopoietic malignancies.
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myeloproliferative disorders ͉ NOD͞SCID ͉ cord blood T he JAK family of tyrosine kinases are key mediators of cytokine signal transduction in hematopoietic cells and consequently play a central role in the immune response and in the regulation of blood cell production (1) . Multiple lines of evidence indicate that these kinases, in particular JAK2, are frequently deregulated in hematologic malignancies. Chromosomal translocations involving fusion of the Ets-family transcription factor TEL to JAK2 have been identified in patients with atypical chronic myelogenous leukemia (aCML) as well as T and B cell acute lymphoblastic leukemia (2, 3) . These translocations juxtapose the oligomerization domain of TEL and the catalytic JH1 domain of JAK2, resulting in constitutive activation of the tyrosine kinase and its downstream targets, including STAT5, ERK1͞2, and AKT (4) (5) (6) (7) (8) . Recent studies have identified comparable fusion genes in which the coiled-coil domains of pericentriolar material 1 (PCM1) and breakpoint cluster region (BCR) are joined to the catalytic domain of JAK2 in a number of patients with acute leukemias, aCML and myeloproliferative disorders (9) (10) (11) (12) (13) (14) . Furthermore, a recurrent somatic mutation in the JAK2 gene, resulting in a valine-to-phenylalanine substitution at amino acid 617 (V617F), is found in the majority of patients with polycythemia vera (PV) and approximately half of essential thrombocythemia (ET) and idiopathic myelofibrosis (IMF) patients (15) (16) (17) (18) . The V617F mutation occurs in the JH2 pseudokinase domain of JAK2 and is thought to decrease negative autoregulation of the kinase, thereby leading to constitutive activation of STAT5 as well as the ERK and PI-3 kinase pathways (18) . Given the widespread involvement of deregulated JAK2 signaling in hematologic diseases, an understanding of its effects on the developmental program of hematopoietic cells has the potential to provide important mechanistic insights into the pathophysiology of these malignancies.
To date, the majority of oncogenes associated with acute leukemias and myeloproliferative disorders, including activated JAK2 variants, have predominantly been studied by using leukemic cell lines or mouse models. Expression of TEL-JAK2 in IL-3-dependent Ba͞F3 cells confers factor independence, whereas JAK2V617F, which does not constitutively dimerize in the cytoplasm, requires coexpression of a cytokine receptor to effect signaling and transform this cell line (3) (4) (5) (17) (18) (19) . In transplantation studies of retrovirally transduced murine bone marrow (BM) cells, TEL-JAK2 induced a mixed myelo-and lymphoproliferative disorder (5), whereas JAK2V617F expression resulted in an initial erythrocytosis that progressed to myelofibrosis, mimicking disease evolution in PV patients (20, 21) . Although these approaches have provided significant insights, important limitations exist. Studies in cell lines are confounded by uncharacterized genetic alterations, including those specific to the establishment of in vitro growth, and cannot provide information regarding the temporal sequence of changes required for transformation. Additionally, there are inherent differences in the molecular mechanisms underlying neoplastic transformation in human and mouse cells (reviewed in ref. 22 ). Together, these observations underscore the importance of studying the effects of activated JAK2 signaling in the most relevant cellular context, that of primary human hematopoietic cells.
To this end, we have established a system to functionally assess the effects of activated JAK2 signaling in a lineage-depleted fraction of human umbilical cord blood enriched for stem and progenitor cells (Lin-CB). We show that expression of TEL-JAK2 in these cells drives erythropoietin (EPO)-independent erythropoiesis in vitro and the rapid development of myelofibrosis in NOD͞SCID mice. Together, these findings establish that activated JAK2 signaling in primary human hematopoietic cells is sufficient to induce several of the distinct pathophysiological features of the Philadelphia-negative myeloproliferative disorders and demonstrate the utility of xenotransplantation systems to develop in vivo models of human hematopoietic malignancies.
Results

Expression of TEL-JAK2 in Primary Human Hematopoietic Cells Drives
EPO-Independent Erythropoiesis. To determine the biological effects of activated JAK2 signaling in primary human hematopoietic cells, Lin-CB cells were transduced with lentiviral vectors encoding either TEL-JAK2 or EGFP cDNAs and seeded into suspension cultures under conditions that promote myeloid differentiation. Control (EGFP) cells expanded steadily in culture, yielding populations of CD14ϩ monocyte-macrophages and CD15ϩ granulocytes. In contrast, cells expressing TEL-JAK2 underwent a proliferative burst over the first 14 days of culture (Fig. 1a) , coincident with the expansion of myeloid lineage cells, as well as a population of cells that expressed the erythroid-specific marker glycophorin A (GlyA), displayed erythroblastic morphology and produced hemoglobin A ( Fig. 1 b-e) . These cells acquired CD36 and GlyA in a temporal manner consistent with normal erythroid differentiation (Fig. 5 , which is published as supporting information on the PNAS web site; ref. 23 ) but also expressed the myeloid antigen CD33, normally present on only a small percentage of control GlyAϩ erythroblasts generated in vitro (Fig. 1c and Fig. 6 , which is published as supporting information on the PNAS web site). Notably, in myeloid-promoting culture conditions (Fig. 1 a-e) , TEL-JAK2 supported erythroid expansion in the absence of exogenous EPO. In fact, cells expressing TEL-JAK2 were capable of extensive growth and erythroid differentiation in cultures that were not supplemented with any cytokines (Fig. 7 , which is published as supporting information on the PNAS web site). Consistent with these findings from suspension culture, TEL-JAK2-expressing progenitors, but not control cells, were capable of generating erythroid colonies in methylcellulose assays in the absence not only of EPO but also of any exogenous cytokines (Fig. 1f ) . Studies in the Ba͞F3 cell line have indicated that TEL-JAK2 confers factor independence through activation of STAT5, ERK, and PI-3 kinase (6) (7) (8) . Of note, these same signaling pathways were constitutively activated in cultured cord blood cells expressing TEL-JAK2 (Fig. 1g) , providing a potential mechanism for the observed factor independence and establishing a parallel with the JAK2V617F point mutant (18) .
Together, these data demonstrate that the expression of TEL-JAK2 confers EPO independence to human erythroid progenitors, a hallmark feature of PV (24) .
Expression of TEL-JAK2 Alters the Lineage Distribution of Human Cells
Generated in Transplanted NOD͞SCID Mice. We next investigated the effects of activated JAK2 signaling in human multipotent repopulating cells using the NOD͞SCID xenotransplantation assay. Lin-CB cells were transduced with either TEL-JAK2 or control EGFP lentiviruses, then intrafemorally injected into recipients, a transplantation protocol that supports high levels of engraftment by human erythroid and myeloid cells (25) . Recipients of control and TEL-JAK2-expressing cells (hereafter referred to as control and TEL-JAK2 mice, respectively) displayed high levels of human engraftment at 3 weeks posttransplant ( Fig.  2 a and c) . Furthermore, an increase in the level of STAT5 phosphorylation was observed in human cells within the BM of TEL-JAK2 mice (Fig. 2b) , confirming successful repopulation by cells with activated JAK2 signaling. Interestingly, the composition of the human graft varied between the two groups of mice at 3 weeks posttransplant ( Fig. 2d and Table 1 , which is published as supporting information on the PNAS web site). Compared with controls, the percentage and absolute number of myeloid (CD33ϩCD19-CD45ϩ) cells within the human graft was significantly higher in the BM of TEL-JAK2 mice. Mice killed between 7 and 9 weeks posttransplant also displayed high levels of human engraftment in the BM (Fig. 2e) . As expected for this time point of analysis (26) , the human graft in control recipients was predominantly B lymphoid (CD19ϩCD45ϩ), with minor contributions from the erythroid (GlyAϩCD45Ϫ) and myeloid lineages. In comparison, as shown in Fig. 2f and Table 1 , the level of B lymphoid cells in the BM of TEL-JAK2 mice was markedly decreased, whereas the percentages of erythroid and myeloid cells were significantly increased, although this did not correspond to a higher absolute number of human cells in either lineage because of the low BM cellularity in these mice (see below). Taken together, these findings indicate that expression of TEL-JAK2 in Lin-CB results in the generation of a different spectrum of progeny upon transplantation into NOD͞SCID mice, with a decreased output of B lymphoid cells and a greater proportion of myeloid cells. However, the extension of these differences in lineage distribution to human patients with deregulated JAK2 signaling should be cautious, because the myeloid͞B cell ratio in repopulated NOD͞SCID mice differs significantly from that observed in human BM (26) .
Interestingly, despite the striking in vitro effects of TEL-JAK2 upon erythropoiesis, transplanted mice did not develop erythrocytosis in vivo. At both time points of analysis, human GlyAϩ cells were undetectable in the peripheral blood (data not shown), and the absolute number of erythroid cells in the BM of TEL-JAK2 mice was not significantly greater than in control mice (Table 1) . However, expression of TEL-JAK2 did enhance the output of GlyAϩ cells coexpressing CD33 in the BM of transplanted mice (Fig. 2 g and h) , drawing a parallel to our in vitro findings. Furthermore, BM cells from TEL-JAK2 mice were capable of generating erythroid colonies in the absence of EPO (data not shown). These findings illustrate that TEL-JAK2 expression does affect the emerging erythroid lineage in vivo and suggest that the lack of human erythrocytosis in recipient mice could be a consequence of the xenograft environment. In both control and TEL-JAK2 mice, high levels of erythroid engraftment in the BM are limited to the early posttransplant period. However, even at this time, mature human erythrocytes cannot be detected in the peripheral blood despite the high levels of erythroid progenitors in the BM, possibly due to the shortened half-life of mature human red cells in murine circulation (27) .
NOD͞SCID Mice Transplanted with TEL-JAK2-Expressing Cells Rapidly
Develop Myelofibrosis. Given the recent association of activated JAK2 signaling with IMF, we assessed the effects of TEL-JAK2 expression on BM cellularity and architecture in transplanted mice. At 3 weeks posttransplantation, a striking reduction in mononuclear cell numbers (both murine and human) was noted in the injected femur of TEL-JAK2 mice compared with controls (Fig. 3a) . Histological examination of these marrows confirmed hypocellularity and showed patent sinusoids and a dense network of reticulin fibers, all key histopathological findings in myelofibrosis (Figs. 3c and 4c ). These myelofibrotic changes were predominantly localized to the injected femur; the remainder of the BM showed a slight nonsignificant decrease in cellularity compared with controls and was predominantly reticulin negative (Fig. 3 a and c) .
Interestingly, TEL-JAK2 mice killed 7-9 weeks posttransplant exhibited progression from the localized myelofibrosis observed in mice at the 3-week time point. Cellularity was reduced not only in the injected femur but also in the remainder of the BM (Fig.  3b) . Extensive networks of reticulin fibers were present in all bones examined histologically (Fig. 3c) . Consistent with this extensive fibrosis, TEL-JAK2 mice killed at 7-9 weeks posttransplant had a normochromic normocytic anemia, with reduced hematocrit [0.31 Ϯ 0.026 (n ϭ 9) vs. 0.43 Ϯ 0.021 in controls (n ϭ 11); P ϭ 0.0022] but no overt leukocytosis or alterations in platelet count. Furthermore, the BM of TEL-JAK2 mice, in contrast to controls, exhibited patent sinusoids and increased numbers of megakaryocytes displaying cytologic and architectural atypia such as aggregation in clusters, nuclear hyperlobulation, and a dispersed chromatin pattern (Fig. 4 a and  b) . Interestingly, these atypical megakaryocytes were murine in origin, as evidenced by positive staining for murine-specific CD42d (Fig. 4a) , negative staining for both human-specific Alu repeats and human-specific CD61 (Fig. 8 , which is published as supporting information on the PNAS web site), and FISH analysis, which showed positive hybridization for murine centromeric DNA sequences in this cell type (Fig. 9 , which is published as supporting information on the PNAS web site). These findings suggest that TEL-JAK2 expression in human hematopoietic cells has cell nonautonomous effects on the murine megakaryocytic lineage in repopulated NOD͞SCID mice. Notably, despite the extensive fibrosis observed in the injected femur of TEL-JAK2 mice 3 weeks posttransplant, overt megakaryocytic hyperplasia was not evident at this time point (Fig. 4c) . Thus, these observations suggest that the expanded megakaryocyte population need not be part of the malignant clone in myelofibrosis, and that extensive fibrosis can be initiated without involvement from this lineage.
A defining feature of this xenotransplant model is the rapid onset and progression of myelofibrosis. Initially localized to the injected femur at 3 weeks, fibrosis eventually progressed to involve distant bones with time, a pattern consistent with the migration of transduced cells from the initial injection site (25) . Peripheral blood films did not show marked reticulocytosis, poikylocytosis, or anisocytosis, and the spleens of these animals were not enlarged compared with control mice (data not shown). Consistent with the lack of overt splenomegaly in TEL-JAK2 mice, flow cytometric analysis, murine colony-forming assays, and histological examination of spleens did not demonstrate significant extramedullary murine hematopoiesis above the level routinely noted in NOD͞SCID recipients with high levels of human cell engraftment (data not shown). Thus, the myelofibrotic changes in TEL-JAK2 mice occurred rapidly and in the absence of compensatory changes in murine hematopoiesis, features seen in patients with the rare clinical entity of acute myelofibrosis (28) .
To rule out the possibility that the observed in vivo phenotype was due to cotransplantation of TEL-JAK2-expressing mesenchymal stem͞progenitor cells in the small CD45Ϫ population present in Lin-CB preparations, CD45ϩCD34ϩ hematopoietic cells were sorted, transduced, and injected into NOD͞SCID mice (Fig. 10 , which is published as supporting information on the PNAS web site). CFU-F assays detected no mesenchymal stem͞progenitor cells in the sorted cell fractions either before or after viral transduction (data not shown). At 3 weeks posttransplant, mice injected with CD34ϩCD45ϩ cells expressing TEL-JAK2 developed extensive networks of reticulin fibers in the injected femur, affirming that transduced hematopoietic cells played a causative role in the development of marrow fibrosis.
Discussion
In this study, we have used lentiviral transduction of Lin-CB to investigate the effects of activated JAK2 signaling in primary human hematopoietic cells. TEL-JAK2 expression supports EPO-independent erythroid differentiation and proliferation in vitro and the rapid onset of extensive marrow fibrosis in NOD͞ SCID mice in vivo. Our findings are particularly notable in light of the recent identification of the activating JAK2V617F mutation in patients with PV, ET, and IMF (15) (16) (17) (18) . EPOindependent growth is a defining characteristic of erythroid progenitors in PV and, to a lesser extent, IMF and ET, whereas marrow fibrosis is the hallmark feature of IMF, also seen in late-stage PV and ET. Although TEL-JAK2 differs from the JAK2V617F mutant in that it constitutively dimerizes in the cytoplasm and therefore does not require a cytokine receptor scaffold for its signaling activities (19) , both JAK2 variants activate similar downstream pathways (refs. 4, 6-8, and 18; see also Fig. 1g) . Thus, our studies establish that, in the context of primary human cells, activated JAK2 signaling, likely propagated by STAT5, ERK1͞2, and AKT, is sufficient to induce several of the distinct pathophysiological features of the Philadelphia-negative myeloproliferative disorders.
Our data showing that TEL-JAK2 expression drives EPOindependent erythropoiesis are consistent with previous work showing that JAK2 signaling is required for the formation of endogenous erythroid colonies in PV (18, 29) . In addition to TEL-JAK2, the expression of BCR-ABL, STAT5(1*6) or BCL-XL has similarly been shown to induce EPO independence in human progenitor cells (30) (31) (32) . Together, these studies suggest that the constitutive activation of STAT5 and upregulation of its targets including BCL-XL play a central role in this process. Notably, this work provides a direct association between TEL-JAK2 and myelofibrosis. Myelofibrotic changes have not been noted in the three patients in whom this translocation has been identified (2, 3) or in recipients of murine BM expressing TEL-JAK2 (5). However, our finding that activated JAK2 signaling can induce myelofibrosis is supported by a number of observations. First, murine BM transplant studies have shown that overexpression of constitutively active STAT5a or oncostatin M, downstream targets of JAK2, results in the development of marrow fibrosis and has cell nonautonomous effects (33) . Second, myelofibrosis has been noted in the BM of 40% of patients with the highly related PCM1-JAK2 translocation. Similar to TEL, PCM1 is thought to mediate cytoplasmic dimerization of the fusion protein, resulting in constitutive activation of the JAK2 kinase domain (10) (11) (12) (13) (14) . Last, as previously discussed, the activating JAK2V617F mutation has been identified in Ϸ50% of IMF patients (15) (16) (17) (18) . Our study extends these clinical associations by demonstrating that activated JAK2 signaling in primary human hematopoietic cells plays a causal role in marrow fibrosis, likely by inducing the secretion of fibrogenic cytokines that can activate mesenchymal cells, such as oncostatin M and͞or TGF-␤ (33, 34). Furthermore, our study indicates that the megakaryocytic hyperplasia observed in myelofibrosis patients could be a reactive event that is not absolutely required for the initiation of BM stromal changes. This observation has important implications regarding the pathogenesis of this disease process. Investigation of the cytokines secreted by cells expressing TEL-JAK2 may provide further insight into the cell nonautonomous effects on the murine megakaryocytic lineage and BM stromal elements that we observed in vivo.
NOD͞SCID mice transplanted with Lin-CB cells expressing TEL-JAK2 develop a hematologic disease bearing similarity to acute myelofibrosis, with rapidly progressive BM fibrosis and anemia arising in the absence of concomitant splenomegaly. These findings are distinct from transplantation studies of murine BM cells expressing Jak2V617F in which mice develop an initial polycythemia that progresses to myelofibrosis over time (20, 21) . The differing kinetics of marrow fibrosis are likely in part because of differences in the signaling properties of JAK2V617F and TEL-JAK2. In addition to its requirement for a Type I cytokine receptor for its signaling and transforming activities, it is likely that JAK2V617F, which has decreased negative autoregulation of its kinase domain, is a relatively weak allele compared with TEL-JAK2, which is activated by pointed domain-mediated oligomerization (17, 19, 35) . Thus, strong TEL-JAK2-mediated signaling appears to be sufficient to drive the secretion of fibrogenic cytokines in vivo and induce the rapid onset of myelofibrosis, whereas JAK2V617F requires the acquisition of additional genetic͞epigenetic changes to initiate this process. Characterization of differences in the signaling profiles and downstream effects of JAK2V617F vs. TEL-JAK2 will facilitate identification of events that cooperate with JAK2V617F in patients to moderate the initiation and progression of myelofibrosis.
To date, there are only a limited number of studies where primary human cells expressing oncogenes have been assayed in an in vivo xenotransplant setting; however, the resulting growth disruptions were generally limited to shifts in the lineage distribution of transduced cells (31, (36) (37) (38) . In contrast, in this report, the targeted genetic modification of human hematopoietic cells has resulted in the initiation of an in vivo myelofibrosis. Thus, our study demonstrates the feasibility of using a xenograft system to develop models of hematopoietic malignancies that have the potential to enhance our understanding of the processes underlying malignant transformation in human cells.
Methods
Sample Collection and Purification. Cord blood samples were obtained according to procedures approved by the institutional review boards of the University Health Network and Trillium Hospital and were collected, processed, and stored as described (26) . Briefly, Lin-CB cells were purified by negative selection by using the StemSep Human Progenitor Cell Enrichment Kit according to the manufacturer's protocol (Stem Cell Technologies, Vancouver, BC, Canada). Cells expressing GlyA, CD2, CD3, CD14, CD16, CD19, CD24, CD41, CD56, and CD66b were removed in this procedure.
Lentivirus Production. TEL-JAK2 (5-19) cDNA was cloned into a third-generation lentiviral vector containing an IRES-pac selection cassette (39) . A control vector contained the EGFP gene in place of TEL-JAK2. Viral particles pseudotyped with vesicular stomatitis virus G protein were generated as described and titered on 293T cells (39) .
Suspension Culture and Methylcellulose Assays. Lentiviral infection of Lin-CB cells was performed over a period of 48 h, as described (39) . Gene transfer efficiency was determined by methylcellulose plating in the presence or absence of 300 ng͞ml of puromycin and ranged from 20% to 57% for EGFP and from 6% to 37% for TEL-JAK2. Cells were seeded after infection into myeloidpromoting culture conditions [Iscove's Modified Dulbecco's Medium containing 15% FCS, 20 ng͞ml stem cell factor, and 2 ng͞ml IL-3 (Amgen, Thousand Oaks, CA)] with 250-300 ng͞ml puromycin for selection. Western blotting was performed as described (6, 8) by using antibodies reactive to PKB and phospho-PKB (Cell Signaling Technology, Beverly, MA), ERK1͞2 (Upstate Biotechnology, Lake Placid, NY), phospho-ERK1͞2 (Santa Cruz Biotechnology, Santa Cruz, CA), STAT5A͞B (BD Biosciences, Franklin Lakes, NJ), and phospho-STAT5A͞B (Zymed, Carlsbad, CA). Methylcellulose cultures were performed as described (26) , supplemented with a full complement of human growth factors with or without 2 units͞ml human EPO (Amgen) or in the absence of human cytokines. Details for erythroid differentiation cultures are provided in Supporting Text, which is published on the PNAS web site.
NOD͞SCID Xenotransplantation. Lentiviral transduction of Lin-CB cells for in vivo experiments was performed as described above but limited to 24 h in the presence of 15 ng͞ml thrombopoietin and 100 ng͞ml stem cell factor (Amgen). Gene transfer efficiencies ranged from 17% to 50% for EGFP and from 14% to 50% for TEL-JAK2. Twenty-four hours before transplant, mice were sublethally irradiated (3.5 Gy) and injected i.p. with 200 g of anti-CD122 antibody produced as described (40) . Eight-to 10-week-old NOD͞LtSz-scid͞scid (NOD͞SCID) mice were transplanted by intrafemoral injection (25) by using 1.25 ϫ 10 5 Lin-CB cells (corresponding to Ϸ1 ϫ 10 5 CD34ϩ cells) or, for sorting experiments, 1 ϫ 10 5 CD34ϩCD45ϩ cells. Mice were killed at 3 or 7-9 weeks posttransplant and analyzed as described (26) . Briefly, the marrow of collected bones was pooled and human engraftment levels were determined by the sum of the human GlyAϩCD45Ϫ (erythroid) and human CD45ϩ (leukocyte) populations as assessed by flow cytometry. Peripheral blood was collected from the femoral artery of anesthetized mice, and automated complete blood cell counts were performed on a Beckman Coulter (Fullerton, CA) analyzer. For histopathology, bones were fixed in 10% neutral buffered formalin for 48 h, decalcified in 6% formic acid for 2-3 days, then embedded in paraffin. H&E and reticulin staining were performed on 3-and 5-m sections, respectively, by using standard methodology.
Immunohistochemistry and in Situ Hybridization. Cytospin preparations of cultured cells were fixed in acetone, then incubated with a rabbit anti-human hemoglobin A antibody (A118, Dako, Carpenteria, CA) for 2 h. After incubation with a biotinylated goat anti-rabbit secondary, sections were developed by using an alkaline phosphatase-streptavidin-labeling reagent and Vector red (Vector Laboratories, Burlingame, CA). For CD42d immunostaining, 10-m cryostat sections of mouse BM were fixed in acetone, blocked with 10% horse serum (Vector Laboratories), then incubated overnight with a purified hamster anti-mouse and -rat CD42d antibody (Becton Dickinson, Franklin Lakes, NJ). After incubation with a biotinylated mouse anti-hamster mixture (Becton Dickinson), sections were developed as above. Details pertaining to CD61 immunostaining, Alu in situ hybridization, and fluorescence in situ hybridization are provided in Supporting Text.
Flow Cytometry. Analysis and sorting were performed on a Becton Dickinson FACSCalibur and FACSVantage. Cells were stained with antibodies specific for human antigens, including phycoerythrin-conjugated anti-GlyA, CD45, CD14, and CD19 (Becton Dickinson); phycoerythrin cyanin 5-conjugated anti-CD33 and CD15; and allophycocyanin-conjugated anti-CD45 and CD36 (Beckman Coulter). Intracellular flow cytometry was performed by using Alexa Fluor 647-conjugated anti-phospho-STAT5 (Y694) (Becton Dickinson) with slight modification of the manufacturer's protocols. After fixation (Becton Dickinson Cytofix Buffer) and permeabilization with ice-cold 100% methanol, cells were incubated with 4% BSA for 30 min, then simultaneously stained for phospho-STAT5 and human CD45.
Statistical Analysis. Data are presented as the mean Ϯ SEM. Statistical analysis was performed by using unpaired two-tailed Student's t tests.
